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percentage of patients diagnosed to have gallbladder cancer is less than 5% in 5 years. 4 For this reason, a better understanding of genomic and molecular profiles involved in GBC development and progression would consider as the novel strategies to improve the survival of GBC patients.
Neurokinin-1 receptor (NK-1R) is a tachykinin receptors which
functionally coupled with G-protein and then following by the involvement in human biological responses. 5 Recent articles indicate NK-1R is widespread distribution in the mammalian central nervous system and peripheral tissues. Most importantly, NK-1R regulates many biological functions in neurogenic inflammation, immune responses, pain and depression. And it has also been implicated to play a vital role in regulating numerous pathophysiological actions related to cancer. [6] [7] [8] [9] After combining specifically with the SP, one of the tachykinins, NK-1R controls the tumor cell proliferation, migration, metastasis and angiogenesis. 6, 7, 10 However, NK-1R antag- in cancer progression and metastasis, as well as tumor microenvironment. 11, 12 Furthermore, it has been reported that SP/NK-1R complex potently modulates several signaling cues including Wnt, ERK and Akt in many primary and metastatic human cancer. [13] [14] [15] Amongst these signalings, it is imperative to know that Akt has been demonstrated to mediate various pathways of metabolism, proliferation and survival in tumorigenesis, and it is hyperactivated in GBC. 16, 17 For instance, Y. Liu et al. report that activation of the Akt signaling pathway could help to increase GBC cell proliferation, migration and invasion. 18 Moreover, Z. Hu et al. also find that the phosphorylation of Akt could be regulated to promote GBC cell growth, metastasis and epithelial-mesenchymal transition (EMT). 19 In additionally, recent evidences indicate the occurrence of Akt hyperactivation can significantly influence its downstream effectors, such as NF-κB, which mediates cell survival and proliferation. 20, 21 Researchers find that Akt transiently binds to the inhibitor of kappa B kinase (IKKα) and induces IKK activation, which in turn allows NF-κB to translocate to the nucleus and trigger expression of target genes. 22 Furthermore, it is found that inactivation of Akt could prevent the progression of breast cancer by block the NF-κB pathway. 23 In another study, Akt/NF-κB signaling is important for the oncogenic effect of cell cycle regulating genes in esophageal squamous cell carcinoma tissue. 24 However, the expression and functional role of SP/NK-1R in GBC remain unknown.
Presently, nothing is known about the role of SP and NK-1R in human GBC. In this study, we provided evidences in vitro and in vivo that the activation of NK-1R could promote the tumorigenesis through the Akt/NF-κB axis, and this can be reversed by NK-1R antagonist. Furthermore, the activity of Akt, NF-κB p65 and the other cytokines were dramatically increased in tumor tissues. Finally, animal experiments further confirmed the effects of SP/NK-1R complex and the underlying mechanism. Taken together, we examined the effects of SP/NK-1R and explored the potential therapeutic function on human GBC.
| MATERIAL S AND ME THODS

| Patients and tissues
Gallbladder cancer tissue samples were collected from patients with carcinoma of the gallbladder after informed consent and following tumor resection from the second affiliated hospital of Nanjing Medical University. Additionally, gallbladder tissue samples which collected from patients with chronic cholecystitis after informed consent and following cholecystectomy were included as controls.
All work presented here was approved by second affiliated hospital of Nanjing Medical University Review Board.
| Cell culture
Human gallbladder cancer cell lines GBC-SD and NOZ cells were maintained in RPMI 1640 medium, supplemented with 10% fetal bovine serum (FBS) (Gibco, NY, USA). All cell lines were incubated at 37°C with 5% CO 2 .
| Clone formation assay
Cells were plated in a 6-well culture plate with different treatment.
Triplicate wells were performed for each cell group. Plates were further cultured in an incubator until colonies were large enough to be visualized. Then, the cells were stained with 0.5% crystal violet. Afterwards, the clones with ≥50 cells were scored under the microscope.
| RNA extraction and real-time PCR
As described by L. Miao et al. 25 Total RNA was extracted from cells using a RNA Rapid Extraction Kit (BioTeke Corporation, Peking, China) and reversely transcribed using a reverse transcription kit (Thermo Fisher Scientific, MA, USA) according to the manufacturer's instructions. The subsequent Real-time PCR was performed using the SYBR ® Green Master Mix (Bio-Rad Laboratories, CA, USA). Differential expression was calculated according to the 2 −ΔΔCT method and statistically evaluated.
| Western blotting
As described by L. Miao et al. 25 Total proteins were isolated from the cell lines. Protein lysates were run on SDS PAGE gels and then moved to PVDF membrane. The membrane was incubated in 3% bovine serum albumin (BSA) and then blotted with specific primary antibody. After incubation in the HRP-labeled secondary antibody, the membrane was detected with chemiluminescence western blot detection system (Millipore, Billerica, MA, USA).
| ELISA assay
Cell supernatants were collected after treatment with reagents. TNF-α, IL-1β, IL-6 and MMP9 were measured by standardized ELISA assay (Boster, Wuhan, China) according to the manufacturer's instructions.
And the protein levels of cytokines were expressed in pg/mL.
| Wound healing assay
Cells were cultured in six-well plates. An incision was made by a sterile 10 μL pipette tip in the central area of cell layers. After washed with PBS twice, the cells were cultured with conditioned media.
The wounded gaps were captured by microscope at different time points. Migration assays were performed in triplicate.
| Cell invasion assay
Cell transwell migration and matrigel invasion assays were performed 
| Immunofluorescence
Cells were seeded on a glass slide and fixed using 4% paraformaldehyde. After washed twice with PBS, these slides were then permeabilized using a 0.2% Triton X-100 solution, and subsequently blocked with 3% BSA. Next, the slides were incubated with primary antibody.
Then these slides were washed with PBS and then incubated with anti-rabbit FITC-conjugated secondary antibody. Nuclei were visualized with DAPI. Images were acquired by confocal laser-scanning microscope (Olympus, LakeSuccess, NY).
| Immunohistochemistry
Immunohistochemistry was performed using immunohistochemistry kit (Key-GEN, Nanjing, China). After deparaffinization and rehydration, the slides were treated with 3% hydrogen peroxide and blocked with 10% goat serum. Then they were incubated with primary antibodies in PBS. After washing, secondary antibodies were added and incubated at room temperature. Streptavidin-HRP was added. After 45 min, these slides were stained with DAB Kits and hematoxylin.
| In vivo study
Gallbladder cancer GBC-SD cells 
| Statistical analysis
Prism (GraphPad) was used to conduct all statistical analyses.
The results are expressed as means ± SEM. Statistical analysis was carried out using the independent-samples t-test or one-way ANOVA, with P < 0.05 considered to indicate a statistically significant difference.
| RE SULTS
| SP and NK-1R were highly expressed in human gallbladder carcinoma
It has been reported that SP/NK-1R system plays an important role in a number of tumors 6 . And binding of SP to NK-1R initiates tumor cell proliferation, which is critical for tumor invasion and metastasis.
In order to determine the role of SP and NK-1R in GBC, we carried out immunostaining in 12 human GBC samples. Histological analysis ( Figure 1A ), Ki67 staining ( Figure 1B ) and immunofluorescence results ( Figure 1C ) revealed that SP and NK-1R were high expressed in the GBC tissues. On the contrary, SP and NK-1R were poorly represented in the non-tumor part ( Figure 1D ). These results demonstrated that the expression levels of SP and NK-1R are enhanced in GBC.
| Stimulation of NK-1R could enhance the proliferative, migrative and invaded effects in vitro
In order to determine the functional consequences of NK-1R in GBC, 
| Activation of NK-1R could promote NF-κB activation in vitro
The tumor-associated proinflammatory cytokines and gelatinases have been identified as the key factors in enhancing GBC tumorigenesis and progression. 13 Among these elements, IL-6, IL-1β, TNF-α and MMP9 are the pivotal cytokines and gelatinase presented in the tumor microenvironment. 26, 27 Therefore, we analysed the effects of SP/NK-1R system on these tumor-associated mediators in GBC-SD and NOZ cells. As expected, the mRNA levels of IL-1β, IL-6, TNF-α and MMP9 were significantly increased after SP treatment. And the most obvious effects existed at 1 hour ( Figure 3A,B) . Moreover, Figure 3C ,D revealed that L703606 could markedly attenuate the expression of these tumor-related factors in GBC cells treated with SP. Previous studies have shown that NF-κB is a critical regulator of these cytokines and gelatinase. Thus, we sought to investigate whether NK-1R could affect NF-κB pathway.
Consistent with previous researches, stimulation of the GBC-SD cells with SP obviously induced the nuclear translocation of NF-κB p65. Meanwhile, NK-1R antagonist effectively attenuated the NF-κB activity, as evidenced by the down-regulating nuclear expression of NF-κB p65 ( Figure 3E ). And the similar results were observed in NOZ cells ( Figure 3F ). Moreover, immunofluorescent also revealed that pre-treatment with L703606 remarkable abolished SP-induced p65 nuclear translocation in GBC-SD cells ( Figure 3G ).
To test whether the effect of NK-1R on the expressions of cytokines and gelatinase was mediated by p65, siRNA targeting p65 was used to suppress endogenous p65 expression. As shown in Figure 4A ,B, siRNA 2 and siRNA 3, but not control siRNA, could markedly inhibit the p65 protein expression. Knockdown of p65
in GBC-SD significantly decreased the SP-induced elevated mRNA and protein levels of IL-1β, IL-6, TNF-α and MMP9 ( Figure 4C,D) .
And the p65 siRNA also resulted in a sharp decrease of their elevated expressions in NOZ ( Figure 4E,F) . Next, we investigated the F I G U R E 1 SP and NK-1R were highly expressed in human gallbladder cancer. Serial sections of gallbladder tissue were stained with HE measured (scale bar, 100 μm) (A). The immunohistochemical stain for Ki-67 in gallbladder samples were detected (scale bar, 100 μm) (B). Sections of human gallbladder tissue were immunostained for NK-1R (red) (scale bar, 100 μm) (C). Expression of SP was analyzed by immunofluorescence cytochemistry (scale bar, 100 μm) (D). Data were shown as means ± SEM (Ctrl: n = 12, GBC: n = 8). Statistical analysis was performed using one-way ANOVA coupled with a post hoc test. Significant differences were indicated as **P < 0.01 versus Ctrl effects of p65 siRNA on the proliferation and invasion in GBC cells.
As shown in Figure 5A ,B, p65 interference strongly inhibited cell proliferation and invasion, compared with the normal group in both cell lines. These results demonstrated that the NK-1R-induced NF-κB activation promotes the migration and invasion of GBC cells.
| The promotive effect of NK-1R on the NF-κB was dependent on Akt in vitro
It is noted that Akt could activate the NF-κB pathway and up-regu- 
GBC-SD cells (C) or NOZ cells (D)
, were treated with L703606 at the indicated concentrations for different times. The cell viability was measured using MTT assay. Effects of SP/NK-1R system on clone formation ability in GBC-SD and NOZ cells (E). The invasion of GBC-SD and NOZ cells were examined by transwell assay. After pretreatment with L703606, cells were stimulated with SP, and the cells that invaded across the membrane of the transwell were stained with hematoxylin and eosin (F). GBC-SD cells were scraped with a pipette tip and then treated with SP or L703606 for different times. The migrating cells were detected using a light microscope (G). NOZ cells were scraped and migration was determined by microscope (H). Data were shown as means ± SEM (n = 6). Statistical analysis was performed using one-way ANOVA coupled with a post hoc test. Significant differences were indicated as *P < 0.05 versus Vehicle, **P < 0.01 versus Vehicle | 7967 DENG Et al.
| NK-1R/Akt/NF-κB signaling pathways was activated in human gallbladder cancer
Prior work implicated that NK-1R/Akt/NF-κB pathway was critical in GBC cell growth, invasion and migration in vitro. We further used immunohistochemistry to assess the role of this pathway in vivo. As shown in Figure 7 , consistent with previous data, immunohistochemical staining revealed a high expression of SP and NK-1R in human GBC tissues, which was significantly higher than those in the non-tumor ones ( Figure 7A ). Moreover, we analyzed the Akt level and found that the activity of Akt was increased in GBC. Furthermore, NF-κB p65 was obviously overexpressed in the GBC samples ( Figure 7B ). And the expression of IL-6, IL-1β, TNF-α and MMP9 in tumor samples were also markedly F I G U R E 3 Activation of NK-1R could promote NF-κB activation in vitro. GBC-SD cells were stimulated by SP with different dose for the indicated time. The mRNA production of tumor-related cytokines IL-6, IL-1β, TNF-α and MMP9 were determined by real-time PCR, and the expression levels were normalized to β-actin (A and B). After pretreated with L703606, the cells were stimulated with SP, the mRNA expression and protein levels in GBC-SD cells were analysied (C and D). The NF-κB p65 nuclear translocation in GBC-SD and NOZ cells were assessed by western blot. Histone H3 and GAPDH were used as nuclear and cytoplasmic markers (E and F). Immunofluorescence was used to analyze NF-κB p65 nuclear translocation (scale bar, 20 μm) (G). Data are presented as means ± SEM (n = 6). Statistical analysis was performed using one-way ANOVA coupled with a post hoc test. Significant differences were indicated as *P < 0.05 versus Ctrl, **P < 0.01 versus Ctrl, ## P < 0.01 versus SP
F I G U R E 4
The promotive effect of NK-1R on the NF-κB was dependent on Akt in vitro. GBC-SD and NOZ cells were transfected with NF-κB p65 siRNA for 8 h, the expression of p65 was assessed by western blot (A and B). The transfected GBC-SD cells were treated with SP, the mRNA levels of IL-6, IL-1β, TNF-α and MMP9 were measured by real-time RT-PCR (C). And the protein levels of IL-6, IL-1β, TNF-α and MMP9 were determined by ELISA (D). NOZ cells were transfected with p65 siRNA, with the treatment of SP for indicated times. Real-time PCR analysis was performed to detect the mRNA expressions of L-6, IL-1β, TNF-α and MMP-9 (E). ELISA was performed to detect the protein levels of L-6, IL-1β, TNF-α and MMP9 (F). Data are presented as means ± SEM (n = 6). Statistical analysis was performed using one-way ANOVA coupled with a post hoc test. Significant differences were indicated as * * P < 0.01 versus Ctrl, ## P < 0.01 versus SP up-regulated compared with non-tumor parts ( Figure 7C ). These results suggested that the protein levels in NK-1R/Akt/NF-κB pathway were increased and the downstream targets, such as IL-6
and MMP9, were also triggered.
| Suppression of NK-1R/Akt/NF-κB signaling pathway inhibited SP-induced GBC cell growth in vivo
To Taken together, these results strongly suggested that SP could promote the GBC growth through the NK-1R/Akt/NF-κB pathway.
F I G U R E 5
The role of the Akt on NK-1R-induced NF-κB activation. GBC-SD or NOZ cells were transfected with p65 siRNA, with the treatment of SP. The transfected cell viability was measured using MTT assay (A), The transfected cells were scraped and migration was determined by microscope (B), After pretreated with L703606, GBC-SD and NOZ cells were stimulated with SP. The Phosphorylation of Akt was determined by western blot (C and D), GBC-SD and NOZ cells were treated with Akt inhibitor, accompanied by SP treatment. Western blot analyses was performed to investigate nuclear translocation of NF-κB p65. Histone H3 and GAPDH were used as nuclear and cytoplasmic markers (E and F), Data are presented as means ± SEM (n = 6). Statistical analysis was performed using one-way ANOVA coupled with a post hoc test. Significant differences were indicated as **P < 0.01 versus Ctrl, ## P < 0.01 versus SP
| D ISCUSS I ON
Over the past decades, the function of peptides and their receptors in tumors have attracted growing interest, and research efforts show that these peptides and receptors can influence cancer progress. One such target could be SP/NK-1R system, since it is known that NK-1R can act as a mitogen on several human cancers. 6, [28] [29] [30] Currently, it is still unknown whether NK-1R exists the same effect in GBC. In this report, our results showed that SP and NK-1R were expressed at high protein levels in GBC tumor samples. Consistent with previous researches, 6,31 the activation of NK-1R dose-dependently induced the proliferation and invasion of GBC cells, and these effects could be blocked by NK-1R
antagonist. Notably, we also observed that NK-1R could significantly increase the activity of NF-κB throuth up-regulating Akt.
And Akt inhibitor could decrease the nuclear translocation of NF-κB p65 induced by SP, which reduced the high-production of proinflammatory cytokines and gelatinase. Furthermore, we also detected the increased protein levels in NK-1R/Akt/NF-κB signaling in human GBC tissues. Moreover, results from xenografts in nude mice suggested that the inhibition of NK-1R/Akt/NF-κB pathway could cancel the proliferative effect of SP on GBC. These present data suggested that NK-1R could drive tumor growth through the Akt/NF-κB in GBC.
It is known that the biological action of SP is mainly mediated by the tachykinin receptor, NK-1R, which belongs to the G proteincoupled receptors (GPCRs). So far, there were only three types of tachykinin receptors have been identified, designated NK-1, NK-2 and NK-3. 32 Earlier studies demonstrated that the biological activities of NK-1R are encoded by the C-terminal sequence of tachykinins, for which SP is a more potent agonist than other peptides.
Moreover, the activation of NK-1R by SP can induce the hydrolysis of membrane phosphoinositides, and then lead to the formation of intracellular inositol 1,4,5-triphosphate and diacyl-glycerol. 33, 34 The is localized in human melanoma, glioma, neuroblastoma, leukemia, lung cancer, gastric and colon adenocarcinomas. 9, 28 It is also known that SP, via NK-1R, induces tumor cell proliferation and metastasis in a concentration-dependent manner. 7 Moreover, researchers find that the increased expression of SP and NK-1R in tumor tissues are related with the degree of malignancy of cancers. 6 The immunohistochemistry also revealed a high density of SP and NK-1R associated with tumor node metastasis in colorectal cancer. 10 And SP/NK-1R system have also been observed to play a crucial role in the progression of endometrial carcinoma by promoting tumor metastasis. In addition, previous studies have demonstrated that the activation of Akt can significantly trigger NF-κB activation, which promotes the expression of downstream proinflammatory cytokines and gelatinase, and then induces a series of aggressive phenotypes. 38, 39 In human glioblastoma cells, the NK-1R agonist can markedly increase the phosphorylation and activity of Akt whereas treatment with the NK-1R antagonist leads to reducing the basal Akt kinase activity, which is involved in the apoptosis. 6, 40 Therefore, we focused our attention on the phosphorylation of Akt, which may be a key factor in the SP/NK-1R system. Our results showed that NK-1R agonist markedly promoted the activation of Akt in GBC. And the results with the Akt inhibitor treatment demonstrated that Akt, as an up-steam regulator, played an important role in NK-1R-induced NF-κB activation. In addition, we evaluated the effects of Akt inhibitor in vivo. Our study shows that Akt inhibitor prevented the SP-induced GBC growth. We also find that both the translocation of NF-κB p65 and the downstream cytokine production were significantly inhibited by Akt inhibitor.
Furthermore, immunohistochemical staining revealed that SP, NK-1R, pAkt, NF-κB p65 and the other cytokines were highly expressed in tumor tissues. Taken together, these results indicated that SP obviously induced cancer cell proliferation, migration and invasion through regulating the NK-1R/Akt/NF-κB axis.
In conclusion, we provide evidence that NK-1R and its agonist SP are highly expressed in GBC tissues. SP could induce the proliferation, metastasis and invasion of GBC cells and promote tumor growth in vivo, which is regulated by NK-1R/Akt/NF-κB pathway.
The results extend our understanding on the molecular mechanisms of SP/NK-1R on the tumorogenesis activity in GBC. Therefore, this study suggested that the SP/NK-1R complex might act as a novel therapeutic target in human GBC and warrant further studies in order to explore anticancer strategies against GBC.
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